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Jupiter is a multi-platform intermediate-scale 
facility for HED science, funded by LLNL 

Mission 
•  Expand the frontiers of high energy-density laboratory science 
•  Support high energy-density science at LLNL in multiple programs 
•  Support, collaborate with, and expand the broader HED physics community 
•  Help train and recruit future scientific workforce 

Approach 
•  Office-of-Science-style user facility at which laser time is provided free-of 

charge and apportioned through an open, competitive peer-review process 
•  On a scale that provides significantly more laboratory access and greater  

flexibility than large-scale laser facilities 
•  With a variety of platforms capable of front-rank HED science for different 

classes of experiments 
•  And the infrastructure to safely support multiple users with a range of 

experience levels 



DOE has made recommendations for research in High 
Energy-Density (HED) science 

The reports all call for teaching HED science, broadening HED research, strengthening 
academic ties to DOE laboratories, and giving the broader community access to HED 
experimental facilities



Jupiter users come from academic institutions and  
laboratories in the US and Canada, 
 



as well as in Europe and Asia

Russia 



A number of organizations involved in HED science 
have active JLF users
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Number of active JLF users is 536
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Most JLF PhD students stay in the HED community

• In the past 36 months, 43 PhDs have been granted to JLF student users
• 36 went on to postdocs or staff positions at labs or universities   
  - 9 are now at LLNL
• 3 have recently finished and are interviewing
  - 2/3 at LLNL (and elsewhere)
• 4 went to industry

There are 134 active student users of JLF



There were several JLF Phys Rev Letters in 2015 



Along with other publications, 18 in total for 2015 



Staff changes 

Jim Hunter 
Laser Tech 

Retired – sort of 



We implemented an f/10 OAP on Titan 

• A 3-m focal length f/10 final optic 
was installed (using largely spare 
parts)
• The first experiment was last 
winter



Office of Science has stepped in to provide a full aperture 
green ps beam in Titan 

•  1ω ps beam in Titan has a contrast of ~10-5

•  JLF has “borrowed” 2ω optics from the decommissioned HELEN 
laser at AWE

       - sub-aperture so not full energy
       - but contrast of about 10-8

•  Experiments that required better contrast opted for green
       - limited success: damaged optics; compressor alignment
•   Office of Fusion Energy Sciences – Sean Finnegan – offered to fund
    replacement optics (2ω conversion crystal, mirrors, coatings) to
    provide Titan with full-aperture, high-contrast operation
•   Optics have long lead-time but have been purchased and will be 
    available later this year
•   This is the significant first funding of JLF capabilities from outside 
    LLNL



Where we left it last year 

• Stabilize the Facility
• Reinstate 2ω energies on Janus
• Prepare to build out second SP beam on Titan

• Of course it wasn’t that simple
  - we did have the Director’s investment (FY2015), but that was a 
    fraction of what is needed
  - we needed a plan that all/most of LLNL management would buy into

• Convened a panel of LLNL scientists (summer) following NIF’s 
Strategic Plan exercise (spring) to create a document with options



NIF Strategic Plan includes recommendations that affect 
JLF 

1.  Maximize utility of NIF, to achieve ignition and explore / probe HED physics at 
most extreme conditions 

2.  “Reinvent” smaller-scale scientific lasers to create a rep-rated kJ-class multi-
beam facility to accelerate research progress and train the next generation of 
scientific talent. 
  -> Augment and improve JLF (especially TITAN) capability & functionality 
 to provide modern pulse shaping, high reliability, and increased short pulse 
 energy and contrast to enable compression, heating, and probing 

3. Establish a dedicated high-energy density science facility with next generation x-
ray light sources 



Panel met to assess JLF and consider options 

•  JLF users are a substantial fraction of laser-related experimentalists at LLNL 
•  Recognition that substantial outside funding is unlikely 
•  The working group was made up of: 
—  Warren Hsing and Bob Cauble, co-chairs 
—  Members from earlier study groups: Rip Collins, Nino, Landen, Bruce Remington, Paul Springer 
—  “Next gen’s”: Felicie Albert, Dave Bradley, Rick Kraus, Art Pak, Brad Pollock, Steve Ross, Yuan Ping 
—  Brent Stuart from JLF 

•  Goals: 
—  Identify and recommend options for a facility that could continue and enhance the mission 

Jupiter has filled for the next 10-15 years 
—  Given investment needed, step back and examine what is best for LLNL 
—  Develop some high level needs 

 



High-level requirements for JLF 

• First question was whether to continue “something like JLF.” (Yes.)

• Group concurred that a facility that aligned with following criteria would be of significant value 
for HED science at LLNL. The facility should:

- Provide support for LLNL missions
- Provide an avenue for innovative independent research 
- Provide a platform to develop novel scientific ideas, and develop, test, and optimize 
  diagnostics that can be ported or staged to larger facilities
- Provide a user testbed for new technology
- Provide for training, recruitment, and retention of personnel
   - access in time and shot opportunities
   - hands-on
- Provide reliable, reproducible, measured system characteristics
- Be scientifically competitive
- Be flexible in physical configuration, energy selection, pulse shape, spot
- Be realistic, aka affordable
- Be stably, efficiently and safely operated



Options for intermediate-scale laser-based HED science 
at LLNL 

   • Refurbish JLF
       - plan includes system diagnostics, improvements to Janus and Titan beamlines, return to 
full energy, modernize frequency conversion, reliable, reproducible operations, improve beam 
quality both in time and space, improve pulse-shaping and timing, improve shot-to-shot 
efficiency, system and experiment data archiving
       - as an improvement, increase shot rate to 20/day
       - no need to increase maximum designed energy in long pulse –- Janus –- beams

  • Add second Titan beamline

  • Add USP laser capability, in particular high rep-rate
      
  • Fit out OSL and B381 infrastructure for high-energy operation

  • Develop a target area in NIF switchyard at Precision Diagnostic Station

  • Utilize LCLS lasers at SLAC
      - existing laser at MEC
      - coming lasers at MEC
      - prospective PW system



JLF refurbishment + 2nd Titan beamline 

• 2nd Titan beamline called for by JLF User Group

• Would make Titan competitive (few multiple-PW-class facilities)

• Two SP beams requested by ~half Titan users (we split the one SP beam)
   - independent timing
   - independent energy
   - independent placement 

• One beam could generate x-ray or p+ beam (similar to SACLA)
  - isochoric heating source
  - e--e+ interactions

• Opens collisionless shock experiments

• FI studies (possibly making a resurgence)



JLF refurbishment + USP 

• LLNL does not have a user-based high-power USP user capability
• Only realistic high-rep-rate option (“game changer” in NIF Strategic Plan)
• State-of-the-art USP in 10’s-of-$M range, not considered realistic
• Commercial system, extensible by state-or-the-art amplifiers, may be “affordable”
• Sub-ps source development: Could pipe into Titan

There was a strongly expressed need for a rep-rated USP laser system
  - this is the future of laser-based operations, both at XFELs and optical-only facilities
  - this is where Europe and Asia are heading
  - (hang-up with target availability; various technical solutions in offing)

Is it better to push for such a system or build out another beam of Titan?



• Refurbishment/improvements:  $3-5M
-  Large range depends on acquisition of spare parts (wide variety of optics, 

pumps, small hardware), operational improvements, possible replacement of 
pulsed power system, things not necessarily needed immediately 

-  Janus and Titan only; COMET and Europa are not included

• Upgrade: Build out second short-pulse beamline: $2M

• Upgrade: Rep-rated short-pulse capability: ~$5M

• Upgrade: Higher rep rate amplifiers (1 shot/min) in the $30M range

• Current funding level would provide ~$0.3M per year

LLNL FUNDING BEYOND PRESENT MUST BE JUSTIFIED. ANY OPTION THAT 
REQUIRES FUNDING BEYOND WHAT LLNL CAN PROVIDE REQUIRES A 
COMPELLING PROGRAMMATIC NEED. 

Costs: refurbishment, some improvements, and 
potential upgrades 



Some refurbishment items are being done now 

• VISAR. Upgrade to diode-pumped head, new cavity design, elimination of lamp-
pumped amplifier, higher efficiency doubling crystal

• Timing system. Complete replacement using Greenfield system

• Titan OPCPA. Replacement of old lamp-pumped amplifier heads with diode-pumped 
heads, change from Nd:YLF to Nd:YAG, elimination of phase-conjugate cell

• Titan beam. New holographic diagnostic to analyze time- and spatial-dependent field 
(STRIPED FISH)

• Operations. Reconfiguration of 2ω diagnostics path so 1ω diagnostics will always be 
available 



JLF Refurbishment – Laser Bay 

•  Diagnostics ($975k) ($75k GigE cameras, 33-deg mirror images)
–  Spatial, temporal, spectral, and energy diagnostics are needed throughout the 

system
–  Includes $560k for seven 8-GHz scopes

•  Controls upgrade ($250k) ($80k new controllers)
–  Replace outdated motion control and operational hardware

•  Deformable mirror and wavefront sensor upgrade ($450k) ($150k 
       wavefront sensor and control software upgrade)

–  Need ability to optimize at focus and pre-correct for amplifier aberrations
•  Long pulse temporal pulse shaping ($150k)

–  Upgrade Highland hardware and automated pulse shaping
•  Automated system alignment ($250k)

–  Pointing and centering loops, and pinhole alignment; key to faster shot turnaround
• Spare optics ($100k)

–  waveplates, mirrors, lenses



• Front-end stabilization ($150k) ($75k seed lasers, diode laser  
  controllers, power supplies)

–  Seed laser and regenerative amplifier replacements

•    Replace 2w crystal assemblies ($150k)
–  2ω crystals, phase plates

•  Amplifier chain replacements and spares (~$750k)
–  Optics, rods, disks, flashlamps, rotators

•    Replace phase plates ($150k)
–  2ω crystals, phase plates

JLF Refurbishment – Janus 



JLF Improvements - Titan 

•  Contrast improvement ($200k)
–  Short-pulse OPA addition

•  Compressor mirrors ($250k)
–  Replacements and spares 

•  Auxiliary chamber for 2ω optics ($350k)
–  Remove from compressor chamber, add 2ω diagnostics



Overall JLF Improvements 

•  Higher alignment energy ($80k)
–  Automate waveplates, rotators to provide 4X (1ω) – 16X (2ω) alignment energy

•  Pulsed power replacements and spares ($600k)
–  Capacitors, solid-state switches, power supplies

•  Lamp and amplifier test stand ($150k)
–  Need offline test capability



JLF Improvements - Titan at 1 PW 

•  Temporal pulse shaping ($150k)
–  Optimization of spectrum and phase for best compression

•  Radial group delay correction ($100k)
–  Eliminate ~250 fs difference from center to outer edges of beam

•  OPA improvements ($100k) ($50k crystals, optics, shutter)
–  New crystals, optics and slicer to improve stability

These improvements would make Titan capable of 
400 J in 400 fs



  
CY2016 experiments will investigate a number of HED 
areas - Janus 

• Investigation of momentum transfer and energy deposition for asteroid deflection 
• Off-Hugoniot laser-driven compression of silicon-epoxy 
• Measuring absorption, x-ray conversion, and hydrodynamic motion in foam-filled hohlraums  
• Laboratory simulations of dust destruction by astrophysical shock waves
• Characterization of laser-produced jets in a poloidal B field analogous to Herbig-Haro objects
• Proof-of-principle demonstration of a plasma-based dielectric mirror based on four-wave mixing
• Plasma photonics – Manipulating EM wave polarizations and amplitudes with controlled multi-
beam interactions in plasma 
• Development of compressed ultrafast photography diagnostic for dynamic laser compression 
experiments 



  
CY2016 experiments will investigate a number of HED 
areas - Titan 

• Self-aligned hard x-ray source from Raman backscatter in the self-modulated regime of laser 
wakefield acceleration
• Investigating the impact of ICF strong hohlraum magnetization on LPI and wall plasma heating 
• Laser-generated x-rays in an under-dense plasma produced in high-density gas jet mixtures
• Ultra-HED matter using nanostructured targets
• Proton acceleration using a cryogenic hydrogen jet target
• Chromatic focusing and post-acceleration of laser-driven protons 
• Proton beam focusing and energy selection by laser-generated magnetic fields 
• Ion acceleration from laser-driven electrostatic shocks 
• Nanostructure synthesis using laser-accelerated protons



The End


